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1. Introduction

In RAN1#106-e, there are some conclusions were made as follows [1]:
Conclusion
For the evaluation of PEI candidate designs (for which observations made in previous RAN1 meetings), it was implicitly assumed by companies that the following processing can also provide synchronization:

· Processing of SSB(s) of each DRX cycle for serving-cell measurement 

· Detection of multi-symbol SSS PEI (s)when transmitted

· Detection of TRS/CSI-RS PEI(s) when transmitted

Note: SSS PEI is assumed to reuse the SSS structure as in legacy SSB
Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:

· PDCCH-based PEI

· SSS-based PEI

· TRS/CSI-RS-based PEI

Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection

Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences
Above conclusion is modified as follows:

Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,

· PDCCH-based PEI

· SSS-based PEI

Proposed Working Assumption

· PDCCH-based PEI
Supported by 20 companies, but cannot be accepted by 3 companies, i.e., Intel, CATT, Sony.

After the discussion in RAN#93 e-meeting, the following conclusion was made [2]:
Conclusion
Support PDCCH-based PEI as the only option
· Only essential function for PEI is support
· New DCI format
· Higher layer configuration, including SS
· Details of the procedures of PEI monitoring, and identification of MOs before PO
· Only Behv-A (per RAN1#104e agreement) is supported 
· If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
· Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI
In this contribution, the remaining issues on Paging enhancements for power saving are discussed.
2. Paging early indication for paging reception

UE needs to monitor paging occasions (PO) to check whether there is paging DCI or not in RRC idle/inactive mode. If the PDCCH is successfully decoded, UE receives the PDSCH to check whether it is paged or not. When the UE is not paged, it will cause higher power consumption for the unnecessary reception of paging DCI and the SSB processing for synchronization. Paging early indication before paging occasion is supported. 
2.1 Association between PEI and PO
2.1.1 Mapping between PEI and PO
Network can configure more than one PO per Paging Frame (PF), if each PEI corresponds to one PO, there will be a lot of individual PEIs which will increase the PEI overhead. And the PEI for these POs will overlap each other. In Rel-15/16, one WUS can associate with one PO or multiple POs. The similar one-to-many association can also be introduced for NR PEI to reduce PEI overhead and avoid the overlap of PEIs. Considering the flexible configuration of PO and PF supported by the specification, the number of POs associated with one PEI can be configurable by network to adapt to different deployment scenarios. In another way, the number of POs associated with one PEI in specification can also be pre-defining to reduce the signaling overhead.
Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.
The PDCCH carrying Paging DCI is transmitted at multiple PDCCH monitoring occasions of a PO. Same as other signal/channels transmitted in the idle/inactive mode, PEI should also be transmitted over N>1 occasions, where each occasion can be associated with the PDCCH monitoring occasion of the target PO. Figure 1 illustrates an example of the mapping between PEI monitoring occasion and PDCCH monitoring occasion.
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Figure 1: Illustration of multi-beam transmission of PEI
Proposal 2: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a PDCCH monitoring occasion of the target PO.
2.1.2 Determination of PEI monitor occasion
For idle/inactive-mode UE, time-frequency synchronization may be lost during DRX inactive duration. Before UE starts monitoring paging PDCCH during paging occasions, UE may wake up earlier for time-frequency synchronization recovery. SS/PBCH block can be used for this purpose, since no RS is configured for idle/inactive-mode UE. It is up to UE implementation on time-frequency synchronization recovery. However, this recovery may take few SSB bursts before a paging occasion are decodable for a UE. The tracking on multiple SSB bursts may further increase the overall power consumption for decoding a paging. 

In RAN1#103-e, the power saving gain assuming 1~3 SS burst for synchronization before PO reception were evaluated. It is observed that the power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB. The earlier the PEI is transmitted relative to PO, the more power saving gain UE can achieve. The requirement on the number of SS burst for synchronization before PO reception is related to UE implementation and SINR condition. 
It is also related to the requirement of paging early determining before PO. Network can configure the latency between PEI and target PO to tradeoff between UE power saving gain and network paging early determining requirement. For a target PO, UE can determine the resource carrying PEI through two configured time offsets. The offsets indicate a time duration before target PO where the UE starts and stop monitoring PEI. As shown in the following Figure 2, network configures PEI-offset1 and PEI-offset2 for UE to determine the time duration of PEI monitoring. 
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Figure 2 PEI monitoring time before PO
Proposal 3: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PEI.
When one PEI is associated with multi-POs, we can call these POs a PO-group. The location of PEI and POs is determinate, how to make each PO associated with the PEI is an issue which should be considering. One solution is to determine a reference point for these PO, then gNB configures the time offset between PEI and reference point to determine the PEI monitoring occasion. 
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Proposal 4: Time offsets between PEI and reference point of PO groups can be used to determine the PEI monitoring occasion when one PEI is associated with multi-POs. FFS: the determination of reference point and the number of PO group.
In order to associated PEI with PO, no matter 1:1 or 1:N mapping, another way is considering a periodic PEI, then we can naturally associate each PEI with the PO in the PEI cycle.
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Proposal 5: Use periodic PEI to associated with POs after it and before the next PEI.
2.2 UE subgroups information 
In RAN1#104-e, the following was agreed [3]. 
	Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 



In this scheme, UEs monitoring the same PO are divided into subgroups, and the network needs to indicate whether a subgroup of UEs needs to monitor the paging message. The issue of sub-grouping for paging has been discussed during previous release, such as Rel-15. The main discussion happens in RAN2 group. In RAN1, considering the discussion on the design of paging early indication, the subgroups paging indication can be carried in paging early indication. 

If UE/PO sub-grouping paging indication is in a sequence, e.g., TRS-based PEI and SSS-based PEI, it will use different sequences for different UE subgroups in the indicator. Since each sequence carries only one bit of information, in order to allow paging of different UEs subgroups at the same time the sequences, at transmission time, need to be time and/or frequency multiplexed. To represent all paging combinations, candidate sequence number will exponentially grow with the targeted PO/UE sub-group number.
If UE/PO sub-grouping paging indication is in DCI, e.g., DCI-based PEI, each DCI bit can be used to indicate one PO/UE sub-group. For DCI based indication, DCI format 2_6 or 1_0 can be enhanced to indicate sub-grouping paging early indication. Existing DCI format 2_6 has supported indicating wake-up signals to multiple UE sub-groups. For DCI format 1_0 scrambled by SI-RNTI, reserved bits can be used to indicate sub-grouping specific PEI. And PDCCH signal can carry more information whereas a sequence-based transmission may not.
In addition, in the RAN1#103-e meeting [4], sub-grouping on Paging DCI is also studied, it is clearly subgrouping on Paging DCI can provide marginal power saving gain about 0.3 - 1.1%. It is not necessary to further study the subgrouping on Paging DCI.
Proposal 6: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.
2.4 DCI design
In RAN#93 e-meeting, we have the conclusion that specify a new DCI format for PEI. For idle/inactive-mode UE’s paging, beam sweeping is needed for paging indication transmission, which is also needed for PEI transmission. The resource overhead will be high if new PDCCH search space is defined for PEI. For connected-mode UE, PDCCH search space can be configured UE-specifically. The reliability and backward compatibility are guaranteed with PDCCH based power saving channel. For idle/inactive-mode UE, only common search space set are configured for paging, SIB, RAR receptions. It is not feasible to configure search space set for an idle/inactive-mode UE individually. Existing PDCCH CSS set can be used for paging early indication delivery. For example, the PDCCH CSS set for paging early indication can share the Type0-PDCCH CSS set. The PDCCH CSS set can also be informed to idle/inactive-mode UE through SIB or RRC signaling. This mechanism is similar to the case of Type0A-Type2 PDCCH CSS set in Rel-15. No backward compatibility issues are foreseen.

Observation 1: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 2: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 7: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.

3. Conclusions
In this contribution, the details of paging enhancements for Rel-17 power saving enhancements are discussed. The following are observed and proposed.

Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.
Proposal 2: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a PDCCH monitoring occasion of the target PO.
Proposal 3: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PEI.
Proposal 4: Time offsets between PEI and reference point of PO groups can be used to determine the PEI monitoring occasion when one PEI is associated with multi-POs. FFS: the determination of reference point and the number of PO group.
Proposal 5: Use periodic PEI to associated with POs after it and before the next PEI.
Proposal 6: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.
Observation 1: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 2: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 7: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.
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